ABSTRACT
Experiments demonstrating the failure of penetration of intravenously administered exogenous materials, such as horseradish peroxidase (HRP) into brain tissue have given rise to the concept of a "blood brain barrier" (1). A specialized endothelium of capillaries in the central nervous system functions to regulate solute transport between the blood and brain. In addition to having these barrier properties, capillary endothelial cells mediate specific transport of nutrients and of other compounds such as glucose (2, 3) . This barrier also blocks the transport of HRP injected into the cerebral ventricles or into blood vessels (4). Morphologically, the barrier is attributed to the continuous tight junctions between endothelial cells. In addition to the existence of a barrier function of capillary endothelial cells, accumulating evidence suggests the involvement of a specific type of cell in the barrier and scavenger functions in brain blood vessels (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Exogenous macromolecules injected into blood vessels or cerebral ventricles accumulated in a specific type of perivascular cell. These cells were named fluorescent granular perithelial (FGP) cells in 1980 by Mato et al. (ref. 5; , then reported as perivascular microglial cells in 1986 by Hickey and Kimura (15) , or ED2-positive perivascular cells in 1989 by Graeber et al. (16, 17) . To (22, 23 (Fig. 1A) . Intravenously injected fluorescent-labeled acetyl-LDL, one of the well-characterized ligands for scavenger receptors (25), was taken up by these cells (Fig. 1B) . This result indicates that modified LDL can be transported across the endothelium of arterioles and that scavenger receptors expressed in these cells function in vivo. The immunoelectron microscopy ( Fig. 1E) (13, 26 (Fig. 1C) , whereas sense probes did not bind to these cells (data not shown). Simultaneous immunostaining (Fig. 1D ) demonstrated that these cells were also positive for EBM11, a macrophage-lineage cell surface marker which is often coexpressed with scavenger receptors in various organs (22, 23, 27 Fig. 2A) . At higher magnification it could be seen that these cells surrounded arterioles; HRP-positive cells were rich in brownish granules and some of them were located at the bifurcation of microvessels (7, 11) . The granules in these cells emitted autofluorescence with the greatest intensity between 520 and 560 nm. The morphology, distribution, and uptake activity of exogenous macromolecules and expression of macrophage-lineage cell surface markers (see below) indicate that these cells are FGP/perivascular microglial cells. When ferritin was injected into ventricles of rats several hours before the injection of HRP into the blood, both brownish HRP reaction products and blue ferritin staining were detected only in granules of the same FGP/perivascular microglial cells (Fig. 2B) . As can be seen clearly in Fig. 2 (Fig. 4A) , most inclusion bodies were round, and the contents were homogeneous and electron dense. There were some inclusion bodies with a vacuolated structure. In FGP/perivascular microglial cells of a 66-year-old subject, there were many enlarged inclusion bodies, often with honeycomb-like structures (Fig. 4B) . In aged experimental animals and human beings, enlarged honeycomb-like FGP/ perivascular microglial cells often compressed the arterioles (Fig. 4 C and D) (Fig. 5A) .
After prolonged administration of vitamin E-deficient chow, the FGP/perivascular microglial cells occasionally developed markedly irregular and shrunken forms and were filled with small vesicles and round inclusions. Mitochondria were swollen and their cristae were destroyed. Occasionally, the cell nuclei were segmented. Collagen fibers appeared around regressing FGP/perivascular cells (Fig. 5B) (9) (10) (11) (12) (13) and identified some serological markers on their surfaces (14) .
On the other hand, in 1974, Ibrahim (28, 29) reported neurolipomastoid cells in the CNS. As discussed in a previous paper of some of the present authors (12) (23, 25) .
During aging in rodents and humans, FGP cellular inclusions containing oxidized lipids increase in size and number, and honeycomb-like inclusions appear also in FGP cells after they reach middle age, as reported by Mato et al. (7, 11) . Here, as typical examples, young and aged specimens are depicted in Fig. 4 . Experimentally, as shown in Fig. 5 
